Over past decades strategies for improving access to drinking water in cities of the Global South have mainly focused on increasing coverage, while water quality has often been overlooked. This paper focuses on drinking water quality in the centralized water supply network of Lilongwe, the capital of Malawi. It shows how microbial contamination of drinking water is unequally distributed to consumers in low-income (unplanned areas) and higher-income neighbourhoods (planned areas).
INTRODUCTION
It is well established that inadequate access to safe drinking water and basic sanitation is a major cause of diseases worldwide. Diarrhoeal incidences account for 1.5 million fatalities yearly (WHO ), of which approximately 360,000 occur in children under five (WHO ). Largescale programs such as the Drinking Water Decade (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) and the Millennium Development Goals have placed access to drinking water at the core of the development agenda. These programs, however, seem to focus on coverage, while other fundamental dimensions, including reliability of supply, affordability and quality are overlooked (Bain et al. ; Shaheed et al. a) . The Drinking Water Decade (1981 Decade ( -1990 ) framed lack of adequate water services in the Global South as a 'hardware' problem (Ahlers et al. ) . Similarly, the Millennium Development Goal 7 (Target 10), which sought to halve by 2015 the proportion of the population without sustainable access to safe or improved drinking water, defined improved access as a percentage of coverage. Improved water sources are equated to a set of technologies for transporting and distributing water, such as tube wells, boreholes household connections, and quality of water from wells did not meet the WHO guideline values nor the regulations of the Malawi Board of Standards.
Faecal contamination was detected in all samples during the wet season and in 80% during the dry one (Pritchard et al. ) . Similarly, a study conducted in different parts of Ghana showed that the chemical water quality (NO 3 -, Mn, F -, Fe, Pb, and other heavy metals) of 38% of the water samples collected from boreholes, wells and piped water supply systems did not comply with the WHO guidelines (Rossiter et al. ) . Secondly, research shows that the centralized water supply network does not always eliminate risks of water contamination. Two studies on networked water supply conducted in the low-income areas of Accra, Ghana and in 94 peri-urban households in Kandal Province, Cambodia, demonstrated that faecal contamination also occurs in piped water supply (Machdar et al. ; Shaheed et al. b) . The aforementioned research, however, does not address the question of distribution of water contamination within the centralized water supply network.
In this paper we undertake a comparative analysis of water quality distributed through the centralized water supply network to low-income unplanned areas (LIAs) and
higher-income planned areas (HIAs) in Lilongwe, Malawi.
Further, the drivers, often overlooked in drinking water quality assessments, underlying variations of water quality in the system are identified. To do so, this study analyses decisions on the development, operation and management of water supply infrastructure in the city. Further, the role of drinking water quality regulations and its enforcement in producing differentiated water quality in the centralized water supply network is analysed.
METHODS

Study area
This study was carried out in Lilongwe, the capital of where further chlorination is carried out once per week.
Sampling
Drinking water samples were collected from two low-income areas (Area 56: LIA 1 and Area 7: LIA 2 ) and two higher-income areas (Area 47: HIA 1 and Area 2:
HIA 2 ). Whilst the LIAs are served by the Mwenda reservoir, the HIAs are served by Mutunthama and Area 9 reservoirs.
Sampling was carried out over a relatively dry period for 3 months, November 2014 to January 2015 ( Figure 1 ).
Given the comparative nature of the study, the main selection criteria for sampling points were the focus on the area supplied by the formal water provider, the technology used to provide water (in-house connections and water kiosks), and the socio-economic characteristics of the areas. In particular, residents in HIA 1 and HIA 2 are served through in-house connections, while LIA 1 and LIA 2 are served through water kiosks (Table 1) . Additionally, the selection of sampling points was dictated by the attempt to maximise the variation of water point type as well as achieving a homogeneous spatial distribution, but also ultimately linked to the accessibility of sampling points.
Sampling procedure
Samples for microbiological analysis (Escherichia coli and total coliforms) were collected in sterile 300 mL Pyrex bottles containing 3% sodium thiosulphate to quench residual chlorine. They were stored in an insulated cool box containing ice packs and transported to the laboratory where they were processed within a few hours of collection.
Samples from kiosks, reservoirs and in-house connections were collected directly after flaming the tap (where possible) and allowing the water to run for 2-3 minutes. Samples from household stored water in low-income areas were poured
directly from the open storage containers used by the residents into the sterile bottles.
Analytical methods
Selected physicochemical and microbiological analyses were carried out according to Standard Methods (APHA 
Quantitative and qualitative data analysis
Data obtained from the analyses of the different water samples were subjected to statistical analysis in order to compare the drinking water quality in the different areas and with respect to the quality of the water supplied by the treatment plant. The non-parametric Kruskal-Wallis H test was used to determine if the differences between the averages for the different tests including the triplicates for the microbiological tests were statistically significant at 95% confidence interval ( p < 0.05). For the purpose of statistics, colonies for total coliforms and E. coli which were too numerous to count were represented by 10 4 CFU/100 mL. Additionally, data were compared to WHO guideline values (WHO ) and the standards adopted by the LWB. As for the qualitative analysis, data were codified in four main categories: decisions on development and design of the water network; operation and maintenance of the system; water quality regulations and monitoring; and storage practices. Analysis focused on the relation between these categories and water quality at sampling points.
RESULTS
Water quality assessment
The analysis of microbiological parameters (E. coli and total coliforms) and physico-chemical parameters (turbidity and residual chlorine) clearly showed the variation in water quality from the treatment plant to the tap (both in-house connections and kiosks).
The concentration of E. coli and total coliforms was low at the outlet treatment works and reservoirs, but increased as the water flowed to the settlements (Figure 2 , Table 2 ).
E. coli and total coliforms concentrations, however, were higher at the kiosks, and, even more, in the water stored at household level. E. coli and total coliforms were detected in 64% and 98%, respectively, of the samples collected from kiosk samples in LIA 1 . Whereas in LIA 2 , 47% and 74% of the 19 samples collected from kiosks contained E. coli and total coliforms.
As for the water stored at household level, E. coli was detected in 91% of samples from LIA 1 and all samples in LIA 2 , while total coliforms were detected in all of the samples. In higher income areas, microbial contamination was lower than in the low-income areas, but nevertheless, 57% (n ¼ 30) of the samples collected in HIA 1 showed the presence of total coliforms and 3% showed the presence of E. coli. Similarly, in HIA 2 , total coliforms and E. coli were detected in 70% (n ¼ 10) and 30% (n ¼ 30), respectively, of the samples collected.
The differences detected in the microbial contamination between the outlet treatment works and the reservoirs were not statistically significant for E. coli (H(3, N ¼ 37) ¼ 1.19,
Likewise the differences between the mean E. coli contamination, detected in samples from the higher income areas (HIA 1 and HIA 2 ) and the outlet treatment works were not significant (H(2, N ¼ 59) ¼ 5.07, p < 0.05). However, a larger sample size may present different results. For total coliforms, whilst the numbers detected in HIA 1 (M ¼ 1.7 CFU/ 100 mL, SD ¼ 2.1) were lower than that from the treatment works, numbers detected in HIA 2 (M ¼ 12.6 CFU/100 mL, SD ¼ 11.8) were higher. These differences were also statisti- In terms of residual disinfectant concentration, the mean value of total chlorine ranged from a minimum of 0.1 mg/L (SD ¼ 0.04) for household-stored water in LIA 2 to a maximum of 2.6 mg/L (SD ¼ 1.3) at the outlet treatment works ( Figure 3 ).
As water is transported from the treatment works through the reservoirs to the different areas, free and total chlorine concen- Low-income areas The implementation of this recommendation, however, varies from area to area: while in planned areas pipe networks are lowered enough to prevent them from being easily exposed and susceptible to breakages and leakages, this is not done in low-income areas, where pipes are scattered on roads and walkways. This is a result of the lack of supervision of contractors by the LWB during the works for laying pipes in these areas, in contrast to what happens in planned areas.
In addition to this, utility managers deal with the limited water available by prioritizing higher income areas at the detri- 
Regulation of water quality
Water quality standards (MS 214: 2013 and MS 678: 2013) were Water quality in Lilongwe is routinely monitored by the water quality department of the LWB. In theory, the Water Quality Division of the MoIAWD is the entity responsible for the independent surveillance of water supply in the city.
However, in practice there is no independent surveillance and enforcement of water quality standards. Therefore, the only form of water quality monitoring in Lilongwe is carried out by the LWB itself. The Act (Waterworks Act 1995) that establishes the water boards is also silent on water quality issues. Moreover, the LWB appears to concentrate the monitoring activities on the planned areas, which are monitored more frequently. Whilst the number of samples collected in low-income areas was lower than the minimum number per the population size recommended by WHO (i.e. for 5,000 to 100,000 inhabitants, 12 samples per 5,000 inhabitants), the number of samples collected in planned areas was above the minimum (Table 3) .
Drinking water handling and storage practices
The characteristics of the water supply network and its operation also influence consumers' practices to access water which ends up contributing to further changes in the drinking water quality. In the low-income areas consumers access water through kiosks and have to cope with an intermittent supply. The intermittent supply of water by the LWB coupled with the walking distances to kiosks prompt consumers to store water for use during cut-offs and also to save the time spent fetching the water. In the LIAs residents walk with uncovered pails to kiosks and they usually wait for their turn in long queues. Pails were not washed before being filled, because residents cannot afford to pay an extra amount to have them cleaned at the kiosks. Filled pails are 
CONCLUSION
This study highlighted that drinking water quality deteriorates from the point of treatment to the points of consumption in the different neighbourhoods of Lilongwe.
Hence, the perception that treated piped water is an 'improved' source and of good quality has proven once again not to be realistic. The water quality deterioration was greater in kiosks in LIAs than in in-house connections in HIAs, where the quality was generally in line with adopted standards. The water quality further deteriorates as it is stored for later use in the LIAs; thus, discontinuity of the service leads to handling and storage practices that further impact the quality of water at the point of use.
The study established that deterioration of water quality during transport and distribution may result in differentiated water quality within the same water supply network. Inequalities in water quality in the water supply network of the formal water utility are attributable to decisions and practices of water service provision. In particular, differentiated water quality is a product of the way in which infrastructure is developed, maintained and operated. In this light, access to 'improved' water sources becomes not only a technical issue but also a political one, and decisions on how and where to develop the network and how to operate it will affect water quality. Understanding inequalities in drinking water quality, therefore, requires an interdisciplinary approach. The interdisciplinary approach adopted in this study enabled the analysis of the socio-political processes influencing the changes and allows for a better understanding of the production of the quality of drinking water in transport.
Finally, it appears clearer that such inequalities can be reduced only by mobilizing resources to improve development, operation and maintenance of water transport and distribution to LIAs, by establishing a sound water quality monitoring programme and by clearly re-defining accountability in water services provision.
